Short-term survival after emergency surgery for perforated diverticulitis is poor. Less is 61 known about long-term survival. The aims of this study were to evaluate long-term survival after discharge from hospital and to identify factors associated with prognosis.
Introduction
Diverticular disease of the colon is common in westernized countries, especially in older people [1, 2] . The large majority of patients remain asymptomatic. Only 1-2% of patients presenting for urgent abdominal evaluation have free perforation because of diverticulitis [3] .
Nevertheless, the prevalence of perforated diverticulitis is increasing [4] , which parallels the ageing of the developed countries.
Emergency operations for perforated diverticulitis are associated with substantial mortality (8-26%) [5] [6] [7] [8] , which can increase up to 40% in the elderly [8, 9] . The rate of severe postoperative complications is also high, which reflects the severity of the disease and the poor general condition of the patients [10] . After surviving primary surgery patients commonly face a long period of rehabilitation. Probably the majority of patients will never return to their prehospital health state because of postoperative side effects and complications.
This might result into a shorter life expectancy.
The existing literature regarding perforated diverticulitis only reports about short-term postoperative mortality and postoperative complications. Direct postoperative mortality is known to be influenced by age and American Society of Anesthesiology (ASA) classification of the patient, the severity of the disease indicated by Hinchey score and Mannheim Peritonitis Index (MPI), type of surgery and surgeon's experience in colorectal surgery [7] [8] [9] [10] .
Less is known about survival outside the hospital on the long term. Survival expectancy could be an important factor in decision making for initial (surgical) treatment as it measures the patient's prognosis. The present study was undertaken to determine the long-term survival of patients who were operated for acute perforated diverticulitis. The issues of surgical technique, severity of primary disease and patients' characteristics will be addressed and compared with natural life span of the Dutch population.
Patients and methods
A cohort of 340 consecutive patients were included provided they had undergone emergency surgery for perforated diverticulitis between January 1990 and December 2005 at the surgical departments of the academic and the four major teaching hospitals of Rotterdam, The Netherlands. Patients admitted for perforated diverticulitis could be identified and selected from computerized surgery registration databases. The indications for surgery were clinical signs of diffuse peritonitis or the presence of sepsis with acute abdominal pain, free gas on plain abdominal radiography or specific findings at ultrasonography or computerized 63 tomography. The type of surgical procedure was left to the discretion of the surgeon on call.
As the operations were classified as emergency and hence frequently performed outside office hours, not all procedures were performed by specialist colorectal surgeons. Surgery consisted of Hartmann's procedure (HP; n=238), resection with primary anastomosis (PA; n=93), suture repair (n=7) and the performance of a diverting stoma without resection (n=2).
The database included patients' characteristics, year and type of surgical procedure, surgeon's experience, MPI, Hinchey score, postoperative medical and surgical adverse events, number of re-interventions, length of hospitalization and intensive care unit stay, the date of eventual death and the cause of death. Severity of disease was stratified with MPI [11] and Hinchey scores [12] . MPI was calculated from the medical reports of all patients, whereas Hinchey score was distracted from the surgical reports. A MPI=26 is known to be a significant predictor of mortality [11] . In this study, all additional radiological interventions or reoperations after primary emergency surgery were recorded as re-interventions. These were 
Statistical analysis
Kaplan-Meier survival plots with log-rank statistics were used in order to determine survival rates univariately according to various factors. The association between type of surgery (HP or PA) and long-term survival was analysed using multivariate Cox's regression analysis taking account of age, gender, ASA classification, Hinchey score and MPI. These analyses were performed with Statistical Package for Social Sciences version 15.0 (SPSS Inc., Chicago, Illinois, USA, 1998). In addition, observed survival was compared with expected survival from matched sex-, age-and calendar time-specific death rates for the general Dutch population using life table method and Wilcoxon (Gehan) test. A test for a single proportion with continuity correction was used to evaluate differences between observed survival and 64 survival predicted by the Mayo model (Mayo risk score) [13] . Differences were considered significant at a two-sided p-value < 0.05. Of the 340 initial patients 49% was classified ASA III or higher, 33% was older than 75 years of age and 58% had generalized peritonitis because of perforation (Hinchey III 42%; Hinchey IV 16%). In these patients direct postoperative mortality was very high (41, 34 and 31%, respectively). In-hospital mortality of patients with Hinchey IV perforated diverticulitis was 48% (26/54). Long-term follow up of the survivors (n=250) revealed a mortality of 66% in ASA III or higher and 58% in patients older than 75 years. Long-term survival of patients who survived initial generalized peritonitis (Hinchey III and IV) was 41%, which is comparable to the whole survivors group (n=250).
Results

Between
Univariate and multivariate analysis of factors, which were considered potentially important in predicting survival of the 250 patients who survived beyond the perioperative period, were performed. In univariate analysis, age and ASA classification (figure 2 and 3) were both significantly associated with long-term survival (both p<0.001). Gender was not significantly related to long-term survival after perforated diverticulitis (p= 0.91).
No relation was observed between the severity of the primary disease at initial surgery and prognosis outside the hospital. Hinchey score had no influence on long-term survival after hospital discharge (p=0.27; figure 4). Also, discharged patients who had MPI =26 at initial surgery did not have a worse prognosis on the long term as compared with patients with MPI<26 (p=0.31). The need for re-interventions or re-operations to treat postoperative surgical complications after primary surgery during initial hospital stay was not related to long-term survival (p=0.53) Type of initial surgery for perforated diverticulitis was related with long-term survival.
Patients who underwent PA had better prognosis compared with those who underwent HP (p=0.005; figure 5 ). However, patients who underwent HP generally had a higher age and ASA classifications and had higher Hinchey scores and MPI at primary surgery (all p<0.001) in comparison with patients who underwent PA. When adjusting for these factors using multivariate analysis, long-term survival rates of PA and HP were not significantly different from each other. A trend was found towards patients who underwent HP being associated with poorer survival (p=0.07; table 3). Similar results were observed when Hinchey score was replaced by MPI in the multivariate analysis. The time period in which the operation had taken place was not related to long-term survival (p=0.27; figure 6), nor was the experience of the operating surgeon and (p=0.79).
Long-term survival of the in-hospital survivors after perforated diverticulitis was significantly impaired compared to the expected matched sex-, age-and calendar time-specific survival of the general Dutch population (p=0.005; figure 7 ). This poorer overall survival seemed to be due to the poor survival of patients after HP (p=0.02; figure 8 ). Survival of patients who had undergone PA was not significantly different as compared to the sex-, age-and calendar timematched control group of the general Dutch population (p=0.85; figure 9 ).
Discussion
The present study demonstrates reduced long-term survival for patients who survived initial emergency surgery for treatment of perforated diverticulitis compared with the general population. Besides a high direct-postoperative mortality rate (26%), each year about 5% of the patients died after having survived initial surgery and discharge from hospital. The observed 5-years survival after perforated diverticulitis was only 53%. The main reason for this observation is the poor general condition of the patients. Almost half of the patients that presented with acute perforated diverticulitis was classified ASA III or IV and one third was older than 75 years of age. The incidence of perforated diverticulitis is highest in older patients who suffering from multiple comorbidities as indicated by the higher ASA classifications [14] . These factors are not mutable and are known factors for mortality.
Mortality after emergency surgery for perforated diverticulitis can increase to 40% in older patients [8, 9] . It is therefore not surprising that these have a poor prognosis in the short and 66 long term.
Besides patient-related risk factors, also disease related risk factors like Hinchey score and MPI are also known independent risk factors for in-hospital mortality after emergency surgery [15] . The overall in-hospital mortality rate of patients with generalized peritonitis because of perforation was over 30% and increased towards almost 50% in cases with faecal peritonitis (Hinchey IV). However, when the patient survived primary surgery and was discharged from the hospital, the severity of disease at primary surgery did not appear to effect long-term survival. The need for one or more radiological-assisted drainage of abdominal abscesses or re-operations for ongoing sepsis, anastomotic leakage or stoma-related complications also did not influence long-term survival after hospital discharge. It seems that in surviving patients, initial severity of disease and the need for additional interventions do not affect the long-term outcome. Surgical experience and the year in which the operation took place were also not related with long-term survival.
The same was observed for the type of surgical procedure. In contrast with univariate analysis in which HP was related with poorer outcome in the long term compared with PA, multivariate analysis, adjusting for the differences in patients' characteristics, severity of disease and surgeon's experience, showed that type of surgery was no longer significantly related to long-term survival. Nevertheless a trend was found for better survival after PA.
Compared with the general population survival after HP was restricted, whereas survival after PA was not. The more severely affected and high-risk patients are inclined to undergo HP [10, 16] . In this study significant higher disease-severity scores (e.g. Hinchey score and MPI), older age and higher ASA classifications were observed in the patients who underwent HP compared with the patients with PA [15] . This could explain the poorer survival of the patients after HP and the similar survival of patients after PA compared with the general population.
As the optimal surgical strategy to treat perforated diverticulitis is still a matter of debate, it is important to be informed about the expected survival in the long term. Recommendations in treating patients with perforated diverticulitis with generalized peritonitis are mainly based on small or retrospective studies and short-term outcome. For many surgeons HP remains the standard treatment for this stage of disease, although a prospective multicenter evaluation of surgical procedures demonstrated that HP was associated with significantly more postoperative complications and a 1.8-fold increase in the likelihood of death compared with PA [17] . Fear of anastomotic leakage deters many surgeons from performing PA. As the operations were classified as emergency and hence may be undertaken outside office hours, 67 not all procedures were performed by a specialist colorectal surgeon. It is known that noncolorectal surgeons prefer HP in the case of emergency surgery for colorectal surgery [18] . This preference is mainly based on the severity of disease and comorbidity and age of the patient in relation to the surgeon's experience in this field of surgery.
Patients who undergo HP have to deal with a colostomy. Additional stoma care might be a bridge too far for these (older) patients, as they face the physical (dehydration, leakage, parastomal hernia) and psychological (lifestyle alterations) challenges that are associated with having a stoma [19] . Probably they will never return to their prehospital health state owing to the stoma. Reversal of HP is associated with significant morbidity and even mortality [19, 20] , especially in patients in a poor general condition with several comorbidities [7, 21] . This is one of the reasons why HP often leaves the patient with a permanent colostomy.
It seems that PA for perforated diverticulitis compares equally well to HP in terms of longterm survival. Again it is essential to realise that high risk patients (higher ASA classification, older age, higher Hinchey score and MPI) were more likely to undergo HP. Nevertheless, after adjusting for these factors, survival after PA or HP was still not significantly different.
Long-term survival was only related to patients' characteristics such as higher age and ASA classification III and IV. It was just this group of patients that was prominently present.
Almost half of the patients was ASA III or higher and one third was older than 75 years.
Within 6 years almost two third of these patients had died. One might postulate that particularly older patients with more comorbidities will present with a more severe inflammatory reaction causing perforation leading to death. This could also be an explanation for the statement that almost 80% of the patients present with perforated diverticulitis as the first manifestation of their diverticular disease [22] . The fist attack in older ASA III and IV patients is especially hazardous.
All these aspects including short-and long-term survival, stoma care and patients' characteristics must be taken into account before performing primary surgery. HP should no longer be considered as the most likely treatment for perforated diverticulitis in all patients. In the younger healthy patients, PA may be the procedure of choice for all stages of severity of perforated diverticulitis when all short-and long-term outcomes are considered. In addition, in patients of older age and with ASA classification III or higher, HP must seriously be considered the surgical procedure of choice, because the long-term survival is limited and restoration of bowel continuity is therefore not an issue. A study comparing the quality of life after both procedures is warranted.
In conclusion, long-term survival of patients after emergency surgery for acute perforated 68 diverticulitis is limited and mainly caused by the poor general condition of these aged patients. The severity of the primary disease, the type of initial surgical procedure and the surgeon's experience do not influence long-term out-hospital survival. Kaplan-Meier plot illustrating survival of patients (n=250) after successful emergency surgery for perforated diverticulitis according to age (log-rank test, p<0.001).
75 Kaplan-Meier plot illustrating survival of patients (n=250) after successful emergency surgery for perforated diverticulitis according to Hinchey score (p=0.27). Kaplan-Meier plot illustrating long-term survival of patients after successful emergency surgery for perforated diverticulitis according to type of surgery (log-rank test, p=0.005).
Hartmann's procedure, n=163; Primary anastomosis, n=80.
Figure 6.
Kaplan-Meier plot illustrating survival of patients (n=250) after successful emergency surgery for perforated diverticulitis according to the period in which the operation had taken place (log-rank test, p=0.27). Kaplan-Meier plot illustrating survival of patients (n=250) after successful emergency surgery for perforated diverticulitis and the expected matched sex-, age-and calendar time-specific survival of the general Dutch population (log-rank test, p=0.005).
Figure 8.
Kaplan-Meier plot illustrating survival of patients (n=163) after Hartmann's procedure for perforated diverticulitis and the expected matched sex-, age-and calendar time-specific survival of the general Dutch population (n=163) (log-rank test, p=0.02). Kaplan-Meier plot illustrating survival of patients (n=80) after resection with primary anastomosis for perforated diverticulitis and the expected matched sex-, age-and calendar time-specific survival of the general Dutch population (n=80) (log-rank test, p=0.852).
